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본 논문이 완성되기까지 부족한 저를 항상 격려해 주시고 사랑과 관심으로 이
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Treatment outcome of Intrabony Defects with Guided Tissue 
Regeneration using Space-Providing Suturing Technique.  
 
 
The purpose of this clinical trial was to demonstrate how the specially designed 
suturing technique enhanced space-provision by the conventional GTR membrane 
and evaluate the healing of intrabony defect with GTR procedures using this 
technique 1year after surgery. 
Thirty-four (34) defects in 25 patients were randomly assigned to 1 of 2 
treatment groups. The test group was treated with expanded polytetrafluoroethylene 
(ePTFE) membranes and space-providing suturing technique; the second group was 
treated with an access flap procedure only. During the 1-year observation period, 
patients were subjected to a stringent infection control program including professional 
tooth cleaning every week for the first 6 weeks (two groups) and then checked every 
3 months for 12 months (two groups).  
The results indicated that; 1) treatment modalities of the two groups resulted in 
clinically and statistically significant improvement in clinical attachment level (CAL) 
and probing depth (PD) at 1year; 2) a significantly greater amount of CAL gain 
(P<0.0174) was observed in the test group (4.06±1.60 mm) with respect to the control 
group (2.53±1.94mm); 3) a significantly greater amount of PD reduction (P<0.0005) 
 iv 
was observed in the test group (4.35±1.46 mm) with respect to the control group 
(2.53±1.28mm)  
It can be concluded that the combination of space-providing suturing technique 
with expanded polytetrafluoroethylene (ePTFE) membranes resulted in significantly 
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The ultimate goal of periodontal therapy for destructive periodontal disease is 
regeneration of attachment apparatus. Among various surgical procedures to achieve 
these goals, guided tissue regeneration (GTR) procedures have been reported to have 
somewhat more favorable healing potential. Clinical outcome, however, was 
dependent on the several factors including defect morphology, patient characteristics 
and surgical technique. There is also evidence to suggest that space-provision by GTR 
membrane influences the total amount of new bone formation (Haney et al 1993, 
Sigurdsson et al 1994). Thus, Membrane should be positioned and maintain more 
coronally, enhancing the space available for regeneration since the position of the 
membrane physically limits the extent of the regeneration. To obtain space-provision 
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under the GTR devices, bone graft as well as bone graft substitute has been used. 
(Kim et al. 1996, Kim et al 1998). It was also reported that self-supporting titanium 
reinforced membrane resulted in significantly greater CAL improvement than 
conventional GTR procedures membrane. (Cortellini et al 1995).  
The purpose of this clinical study was to 1) demonstrate how the specially 
designed suturing technique enhances space-provision by the conventional GTR 
membrane and 2) evaluate the healing of intrabony defect with GTR procedures using 

















1. Patient and site selection 
25 patients (14 males and 11 females) ranging in age from 28 to 64 with 
generalized chronic advanced periodontitis took part in the present study and gave 
informed consent to participate in this clinical trial. Preoperative clinical and 
radiographic examination revealed deep intrabony defects in all patients. 34 
interproximal intrabony defects were selected which met the following criteria:  
1. No history of systemic disease and no pharmacological therapy within last 
12months. 
2. Clinical and radiographic evidence of interproximal periodontal defects. 
3. Preoperative probing pocket depth equal to or greater than 6mm 
4. Preoperative clinical attachment level equal to or greater than 6mm 
Prior to surgery, all the patients had received a hygienic phase including oral 
hygiene instruction, scaling and root planning. The patients were randomly 
distributed into two treatment groups. The treatments included 1) gingival flap 
surgery alone; GFS (15 patients, 17 sites) 2) GTR using space-providing suture; 
GTRs (15patients, 17sites). Table 1 presents distribution and clinical characterization 
of patients and selected sites 
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2. Parameters 
Clinical parameters were recorded immediately prior to surgery and after 
12months using a conventional periodontal probe (CP15UNC, Hu Friedy, Chicago, 
IL). Probing pocket depth (PD), gingival recession (GR), and clinical attachment 
level (CAL) were recorded at the deepest probing point of the defects with the 
cemento-enamel junction (CEJ) as a reference point. 
The gingival index (GI) and plaque index (PI) were assessed at 6 standardized 
sites (mesiobuccal, midbuccal, distobuccal, mesiolingual, midlingual, and distoligual) 
of defect-associated teeth. 




1. Surgical Procedures 
All defects were treated with gingival flap surgery following local anesthesia 
(2% lidocaine, 1:100,000 epinephrine, Kwangmyung Pharm., Seoul, Korea), 
including sulcular incision, reflection of mucoperiosteal flaps, removal of granulation 
tissue, and meticulous root planning (Fig 2). In order to preserve maximum gingival 
soft tissue for primary coverage, simplified or modified papilla preservation technique 
was performed. For the GTR treatment, specially designed suturing technique (space-
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providing suture) to enhance space-provision was applied on conventional 
interproximal type e-PTFE membrane (Gore-Tex periodontal material, W.L. 
Gore&Associates Inc., Flagstaff, AZ.) prior to adaptation to the defect (Fig 3). And 
then, e-PTFE membrane was adapted above the alveolar crest with approximately 3 
mm extension over the buccal and lingual bony defect margins and secured by space-
providing suture as tightly as possible (Fig 4). The knot was made on the adjacent 
tooth. Gingival flaps were coronally repositioned to cover the membrane and sutured 
with e-PTFE or Ethylene suture materials using a vertical mattress suturing technique. 
Periodontal dressing was not used. 
 
2. Post-surgical Infection Control 
Mechanical plaque control was abandoned until the removal of the membrane. 
Rather, plaque control was maintained by using a chlorhexidine mouthwash 3 times 
daily. Antibiotic regimens were prescribed for 7days. Gingival sutures and space-
providing suture were removed 10days after surgery. In case of membrane exposure, 
professional cleaning including chlorhexidine irrigation and topical antibiotics was 
carried out every week. Professional tooth cleaning was carried out every 1 or 2 
weeks for the first 6weeks in both groups. The patients were checked every 3 months 
for the following 12 months, and so far they have been followed up for over 1 year 
post surgically (Fig 5. 6). 
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In the present study, e-PTFE membrane was surgically removed at average 5.2 weeks 
post surgically (ranging 4 ~ 10 weeks). The presence of membrane exposure (MEx) at 
the time of surgical removal was recorded. The inner aspect of the flap was excised 
and the flap was re-adapted and sutured.  
 
3. Statistical Analysis 
Data were expressed as means±standard deviations (m±SD). Comparisons 
between experimental and control treatments were made using Mann-Whitney U test. 
The significance of mean difference between pre- and post surgery clinical 
parameters was analyzed using Wilcoxon signed-rank test. The level of statistical 













1. Clinical observations 
Healing was uneventful in all treatment groups. Limited signs of inflammation, 
swelling, or redness could be observed. Radiographic examinations revealed limited 
changes in crestal bone level and radiodensity for the control group. In contrast, for 
the GTR group, increased crestal bone level and radiodensity was observed in the 
treatment sites.  
 
2. Treatment outcome  
Pre-surgery defect characteristics were similar between control and GTR group 
(Table 1). At 1 year, oral hygiene and gingival health improved significantly and 
significant probing depth reductions were observed for both treatment groups 
(control: 2.59±0.28mm and GTR: 4.35±1.46mm). The GTR group exhibited 
significantly greater reduction of PD compared to control group. (Table 2) 
Significant clinical attachment gains were also observed for both groups (control: 
2.53±1.94mm and GTR: 4.03±1.60mm). The GTR group exhibited significantly 
greater gains compared to control group. 
GTR group exhibited a significant increase in gingival recession compared to pre 
surgery. Table 4 shows the frequency distribution of CAL gains for the two-treatment 
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group. 100% of GTR group displayed a CAL gain of 2 to 8mm. 
 
Table 1. Pre-surgery characteristics for intrabony defect (mm, n=) 
                     GFS (n=17)            GTR (n=17)     p (0.05) 
Male/Female           10/5                 7/8 
Age (Range)           28~64               33~54 
Site*                1/0/6/6/4             2/1/5/5/4 
CAL                  7.29±1.05           7.94±1.60           NS   
PD                   6.82±1.01           7.35±1.46           NS 
GR                   0.47±0.80           0.59±0.87           NS 
GI                    1.12±0.54           1.23±1.13           NS 
PI                    0.61±0.72           0.81±1.08           NS 
*; incisor / canine /premolar / mandibular molar / maxillary molar 




Table 2. Changes in clinical parameters of healing response between baseline 
and 12 months post-surgery (mm) 
 
                             GTR                       GFS       
                    Mean    S.D    Range     Mean    S.D    Range 
PD reduction (mm)  4.35*†   1.46    1~9      2.59*†   0.28    0~5 
GR increase (mm)   0.65*    1.06    (-1)~3   0.06*    0.43   (-3)~2 
CAL gain (mm)      4.03*†   1.60    1~8      2.53*†  1.94   (-1)~5 
PD: probing depth; CAL: clinical attachment level; GR: gingival recession  
*: Statistically significantly different from group (P<0.05) 
†; Statistically significantly different between groups (P<0.05) 
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Table 3. Frequency distribution of CAL gains at 1 year 
 
PAL gain (mm)               GTR                         GFS 
                        N          %                 N         %    
＜2                     0         0.00                6       35.29 
≥2-＜4                 6         35.29               4       23.52 
≥4-＜6                 8         47.05               7       41.17 
≥6                     3         17.64               0        0.00 
Sum                   17         100                17       100 
    
PD: probing depth; CAL: clinical attachment level; GR: gingival recession  
 
3. Membrane exposure 
At the surgical removal of the membrane, membrane exposure was observed in 9 
defects (53%). When membrane exposure occurred, it was observed initial healing 
period of 1 or 2 weeks postoperatively. Gingival inflammation was minimal and 
limited at the exposure margin. At 1 year, PD reduction and CAL gain were greater in 
patients without membrane exposure (4.44mm, 4.22mm respectively) than in patients 
with membrane exposure (4.25mm, 3.88mm respectively). However, there were no 







Table 4. Post-surgery change in clinical parameters of healing response in 
exposure and no-exposure 
 
Exposure (n=9)     No exposure (n=8)      p 
PD reduction (mm)       4.25±0.71            4.44± 1.94          NS 
GR increase (mm)       0.89±1.23             0.38±0.74           NS 
CAL gain (mm)          3.88±1.25             4.22±1.92           NS 


















In the present clinical study, we demonstrated “space-providing suturing 
technique” specially designed for space-provision by the conventional GTR 
membrane and evaluated the healing of the intrabony defect with GTR procedures 
using this technique. At 1year after surgery, the results showed that GTR procedure 
using space-providing suturing technique resulted in significantly reduced probing 
pocket depth and improved clinical attachment. This clinical study did not include 
GTR group using conventional sling suture for membrane stabilization. Thus, the 
effects of the suturing technique on the space-provision of the membrane and clinical 
healing outcomes could not be compared. However, when compared to previous 
reports, GTR procedure using this technique appeared to have beneficial effect for the 
space-provision and thus showed improvement of the clinical results.  
The concept of using GTR device for treatment of periodontal defects is not only 
to prevent the gingival connective tissue and epithelium from ingrowths into a 
periodontal defect but also to provide space for periodontal regeneration. Evidences 
have shown that space-provision is a critical determinant factor for the amount of 
tissue regeneration. Even if GTR membrane is used, compromised space provision 
resulted in limited alveolar and cementum regeneration. Thus, clinical trials for the 
supporting and protection of the space by the GTR devices have been proposed. 
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Space provision by the membrane could be obtained either by placement of bone graft 
or bone substitutes into the space beneath the membrane or by using titanium 
reinforced membrane.  
Space-provision could be significantly enhanced following use of the bone graft 
or substitutes. Polimeni et al. evaluated the effect of a space-providing coral derived 
biomaterial on the bone regeneration in conjunction with GTR using critical size, 
supra-alveolar periodontal defects in dogs. Histometric analysis showed that the coral 
biomaterials effectively enhanced space-provision (wound area). Wikesjo et al also 
reported that average defect area was increased almost 3 times in sites using the coral 
implant in conjunction with GTR compared to sites treated with GTR only.  
In addition to supporting space provision, it appears to be significant that 
resorption of the bone materials beneath membrane should be accord with bone 
regeneration since residual implant particles have been suggested to potentially 
obstruct the room for tissue regeneration and thus interfere with rather than accelerate 
natural bone healing. However, several studies reported that residual implant particles 
could be observed in histological findings. 
Stavropoulos et al. in their series of studies evaluated the influence of bone 
substitutes on the bone formation when used as an adjunct to GTR in the rat using 
"capsule model.” Histological results obtained 4 months post surgery revealed that the 
newly formed bone in the capsule was significantly greater in the control GTR group 
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without graft than in the GTR group grafted with bone substitutes. Most of the graft 
particles in the GTR group grafted with bone substitutes were embedded in 
connective tissue. Similar results were obtained even with prolonged periods of 
healing. 1 year histological results revealed that the newly formed bone occupied 
more area in the control GTR group (88.2%) than in the GTR group grafted with bone 
substitutes (23%). Furthermore, volumetric changes of the new bone did not occur at 
further extended healing periods of 6months. It was also significant in their studies 
that the amount of the implant particles embedded in connective tissue did not differ 
significantly even with extended longer observation periods. In addition, histological 
findings of the osteoclastic activity adjacent to the implant particles were rare. Poor 
resorption rate of the implant particles were also indicated in several including human 
studies. Therefore, it could be suggested that implants particle under the membrane 
could significantly enhance the space-provision. However, implants particle remnant 
in the defect potentially interferes with normal bone healing. Thus, the use of bone 
grafts or substitutes beneath membrane for the space-provision is enough ground for 
controversy in terms of qualitative outcome.  
Improvement of the space provision without bone graft could be also achieved by 
titanium (Ti)-reinforced membrane. This ‘rigid’ membrane could provide enhanced 
space for regeneration and be resistant to membrane collapse due to tissue 
compression during the healing periods. Cortellini et al., in their controlled clinical 
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study, reported that self-supporting Ti-reinforced GTR membranes placed more 
coronally than conventional GTR approach in clinically and statistically significant 
improvement. 
In the present study, we demonstrated specially designed suturing technique for 
supporting membrane. Several advantages using space-providing suturing technique 
could be proposed from clinical point of view: 1) Due to characteristics of this 
suturing technique, the more sutures are knotted tight, the more the membrane is 
secured firmly and coronally. Thus, firm space-provision could be possible without 
bone graft until the removal of the membrane, 2) Membrane tearing by tight suture 
could be preventable 3) It could prevent membrane from being collapsed by tissue 
compression induced during gingival flap closure using mattress suture, and 3) 
splinting effect for mobile tooth is expected.  
Membrane exposure has been reported with varying proportion. In the present 
study, most membrane exposure could be found within 2weeks after the GTR 
procedure. When exposure occurred, plaque accumulation on the exposed membrane 
and slightly red and swollen marginal gingival tissue along the exposed portion were 
observed. However, marked gingival inflammation or infection was not induced by 
the membrane exposure. At membrane removal, red, immature and bleeding tendency 
tissue could be observed. However, tissue integration was evident under the no-
exposure portion of the membrane. Whitish and scarcely bleeding tissues were 
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common finding under the no-exposed sites.  
  In the present study, membrane exposure sites tended to show reduced CAL gain 1 
year after GTR procedure although difference was not statistically significant 
compared to no-exposed sites. These results are in agreement with previous studies. 
Sander and Karring reported that reduced CAL gain on the membrane exposure sites 
(30~59%) compared to non-exposure sites (75~100%) after GTR procedure. 
Moreover, it was reported that membrane exposed site harbor much more amount of 
periodontal pathogen and negative correlation between the amount of periodontal 
pathogen and clinical outcome of GTR was also reported. Thus, it could be suggested 
that membrane exposure after GTR procedure is the critical factor to influence the 
outcome of GTR. 
The use of specially designed suture technique was significantly better than 
conventional approach for space provision by membrane and this surgical approach 
resulted in enhanced clinical outcome. Thus, the GTR procedure using this technique 





The purpose of this study was to compare the clinical efficacy of 2 treatment 
modalities in the treatment of deep interproximal intrabony defects. Thirty-four (34) 
defects were randomly assigned to 1 of 2 treatment groups. The test group was treated 
with expanded polytetrafluoroethylene (ePTFE) membranes and space-providing 
suture technique. The control group was treated with an access flap procedure only. 
1 year after surgery, clinical outcome of the specially designed suturing 
technique to enhance space-provision was evaluated. The results indicated that; 1) 
treatment modalities of the two groups resulted in clinically and statistically 
significant improvement in clinical attachment level (CAL) and probing depth (PD) at 
1year; 2) a significantly greater amount of CAL gain (P<0.0174) and PD reduction 
(P<0.0005) was observed in the test group with respect to the control group 
In the present study, we demonstrated specially designed suturing technique for 
supporting membrane. Several advantages using space-providing suturing technique 
could be proposed from clinical point of view: 1) Due to characteristics of this 
suturing technique, the more sutures are knotted tight, the more the membrane is 
secured firmly and coronally. Thus, firm space-provision could be possible without 
bone graft until the removal of the membrane, 2) Membrane tearing by tight suture 
could be preventable 3) It could prevent membrane from being collapsed by tissue 
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compression induced during gingival flap closure using mattress suture, and 3) 
splinting effect for mobile tooth is expected. Thus, the GTR procedure using this 
technique can be used to successfully treat the periodontal defect. 
 
It can be concluded that the combination of space-providing suture technique with 
expanded polytetrafluoroethylene (ePTFE) membranes resulted in significantly 
greater CAL and PD improvement than access flaps. Thus, the GTR procedure using 
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Table 1. Pre-surgery characteristics for intrabony defect (mm, n=) 
PD: probing depth; CAL: clinical attachment level; GR: gingival recession; 
GI: gingival index; PI: plaque index 
 
Table 2. Changes in clinical parameters of healing response between baseline 
and 12 months post-surgery (mm) 
PD: probing depth; CAL: clinical attachment level; GR: gingival recession  
 
Table 3. Frequency distribution of CAL gains at 1 year 
PD: probing depth; CAL: clinical attachment level; GR: gingival recession 
 
Table 4. Post-surgery change in clinical parameters of healing response in 
exposure and no-exposure 
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Treatment outcome of Intrabony Defects with Guided Tissue 
Regeneration using Space-Providing Suturing Technique. 
 
연세대학교 대학원 치의학과 
지도 김창성 교수 
이   은   영 
 
이 연구의 목적은 특별히 고안된 suture technique을 기존 GTR 
membrane함께 사용했을 때 space-provision이 얼마나 개선 되는지 알아
보고, intrabony defect에 사용했을 때의 1년 후 임상 결과를 평가하는 것
이다. 28명의 환자에서 clinical attachment level (CAL)과 probing depth 
(PD)가 각각 6mm이상인 34개의 interproximal intrabony defect를 골라 
무작위로 두 치료 그룹 중 하나로 분류하였다. 실험군은 인접면 결손부를 
치은박리 소파 한 뒤 expanded polytetrafluoroethylene (ePTFE) 
membranes을 space-providing suture technique으로 치아에 고정하였다. 
대조군은 치은 박리 소파술만을 사용하여 치료하였다. 1년간의 관찰기간동
안 환자들은 infection control program을 받았고 술 후 첫 6주 간은 매주, 
그리고 다음 12개월은 세 달에 한 번씩 전문적인 치면 세마를 받았다. 
치료의 결과는 다음과 같다. 1) 실험군 대조군 모두에서 술 후 1년의 
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clinical attachment level (CAL)과 probing depth (PD)가 유의성 있게 개
선되었다. 2) clinical attachment level (CAL)은 실험군이 대조군 보다 유
의성 있게 더 큰 증가를 보였다. (실험군: 4.06mm±1.60mm, 대조군: 
2.53mm±1.94mm, p<0.0174) 3) probing depth (PD)은 실험군이 대조군 
보다 유의성 있게 더 큰 감소를 보였다. (실험군: 4.35± 1.46mm, 대조군: 
2.53± 1.28mm, p<0.0005) 
결론적으로 expanded polytetrafluoroethylene (ePTFE) membranes
을  space-providing suture technique으로 고정시키는 방법은 술 후 1년
의 clinical attachment level (CAL)과 probing depth (PD)에서 치은 박리 
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